Fibrosis is associated with epithelial repair. It involves the activation of fibroblasts, increased production of extracellular matrix proteins and transdifferentiation to contractile, myofibroblasts that aid in wound contraction. This provisional matrix plugs the injured epithelium and provides a scaffold for epithelial cell migration, involving an epithelial-mesenchymal transition (EMT). When epithelial injury involves blood loss, this leads to platelet activation, the production of several growth factors and an acute inflammatory response. Under normal circumstances, the epithelial barrier is repaired and the inflammatory response resolves. However, in fibrotic disease, the fibroblast response continues, resulting in unresolved wound healing. The fibrotic diseases range from scleroderma, where the problem may be restricted to the skin and where it is not life-threatening, through to systemic forms that can manifest as, for example, idiopathic pulmonary fibrosis, in which death is inevitable within 3-5 years. Anti-inflammatory treatments have failed to ameliorate the disease condition and focus has instead turned to transforming growth factor-b1 (TGFB1), since it induces many of the processes involved, including fibroblast activation and EMT. Most recently, however, a new player in this process has been described, IGF-binding protein-5 (IGFBP5). IGFBP5 has also been shown to induce similar effects to TGFB1, but, in addition, it is strongly implicated in the process of senescence which is now believed to be a significant factor in these diseases. We examine the evidence for this role of IGFBP5 and identify some of the therapeutic targets which might be used to ameliorate these diseases of unknown cause.
Overview of the fibrotic response
Excessive fibroblast activation can result in debilitating and even fatal diseases which progress rapidly from diagnosis. These include idiopathic pulmonary fibrosis (IPF) and systemic sclerosis (SSc), the latter affecting multiple organs of the body. In its localized form within the skin, scleroderma has been termed 'the disease which turns people to stone' because of the appearance of the skin, which is thickened and lacks elasticity. This lack of elasticity is fatal in IPF which is a progressive lung disease characterized by lung scarring and abnormal gas exchange resulting from excessive collagen deposition (Gross & Hunninghake 2001) . The disease is rare in children, but prevalence increases from three to four per 100 000 in young adults to over 200 per 100 000 in the 75C age group (Garcia et al. 2007 ). This translates to around 90 000 people diagnosed with IPF in the United States, with about 35 000 new cases diagnosed each year (Raghu et al. 2006) . IPF is always fatal, with no spontaneous remission and with a median lifespan after diagnosis of 3 years. SSc/scleroderma involves excessive fibrosis of the skin and internal organs due to fibroblast proliferation and excessive production of extracellular matrix (ECM). The agents responsible for inducing fibrosis in SSc are still unknown, but the fibrotic changes lead to the destruction of normal structures in the skin and other organs with no effective treatments to halt its progression (Highland & Silver 2005) . Although survival in patients with SSc has steadily improved, it remains poor when compared with that in age-and sexmatched populations (Mayes et al. 2003) . The rate of mortality due to renal failure in SSc has decreased with the use of angiotensin-converting enzyme inhibitors (Steen 2007) and mortality in SSc is now mainly due to pulmonary complications, which include interstitial lung disease and pulmonary arterial hypertension.
Since one of the pathologic features of SSc is the excessive deposition of collagen and fibronectin (Costner & Jacobe 2000) , it is not surprising that fibroblasts play an important role in the pathogenesis of this disease (LeRoy 1992 , Kissin & Korn 2002 . The classic hallmarks of the fibrotic disease include activation of fibroblasts, with increased production of collagen and fibronectin, and transdifferentiation of fibroblasts into contractile myofibroblasts. A myofibroblast is defined as a spindle-shaped cell that is positive for vimentin and a-smooth muscle actin (a-SMA) or vimentin alone (Eyden 2001 , Willis et al. 2005 . Skin tissue in individuals with SSc is characterized by the presence of a-SMA-positive cells, and these myofibroblasts have been shown to persist in fibroblast cultures derived from individuals with SSc (Sappino et al. 1990 , Kirk et al. 1995 . The fibrotic response also involves increased production of several cytokines and growth factors, including transforming growth factor-b1 (TGFB1) and connective tissue growth factor (CTGF). TGFB1 has been shown to stimulate fibroblast proliferation and the production of ECM components in vitro, making it a prime candidate as a causative factor (Takehara 2003 , Leask & Abraham 2004 .
Although best characterized by excessive deposition of ECM, fibrotic diseases are also accompanied by an inflammatory response involving monocyte/macrophage activation, and thus attempts to control the progress of these diseases with anti-inflammatory therapies have been undertaken. However, the inability of immunosuppressive therapies to affect disease progression has led to the proposal that inflammation is a secondary component of the condition and such therapies are, at best, of limited value. This has led to recent re-evaluations of fibrosis and the development of two related hypotheses. In the first, it has been suggested that cycles of relatively superficial epithelial injury occur with such frequency that epithelial cell responses (typically epithelial cell proliferation and migration into the injured site) are insufficiently rapid. Consequently, a secondary response is required, involving activation, migration and transdifferentiation of mesenchymal fibroblasts. Excessive stimulation of this pathway leads to the development of fibroblastic/myofibroblastic foci with exaggerated accumulation of ECM (Fig. 1) . Such a response has been likened to an abnormal, unresolved wound repair response (Selman & Pardo 2006) . In the second hypothesis, the mechanism has been linked to the process of senescence. In the normal response to injury, epithelial cells not only undergo an epithelial-mesenchymal transition (EMT) and migrate over the wound site, but also exhibit a burst of proliferation to replace lost cells. Most cells exhibit a finite ability to replicate (Hayflick's number, (Hayflick & Moorhead 1961) ), and thus it is proposed that repeated insults lead to focal areas where epithelial cells can no longer proliferate and, instead, enter a state of replicative senescence. At this stage, a fibroblast response is evoked as a compensatory mechanism that serves to plug the site of injury. This hypothesis is certainly consistent with the increasing prevalence of this disease as we age, and this link between the process of ageing and fibrosis is discussed in greater detail below.
TGFB1 and fibrosis
In terms of the mediators involved in driving fibrosis, much interest has been focussed on the major pro-fibrotic cytokine, TGFB1, which induces many of the central processes involved in fibrosis, including fibroblast to myofibroblast differentiation, ECM deposition and EMT, but without inducing inflammation (reviewed in (Scotton & Chambers 2007) ). A major step involved in the regulation of TGFB1 bioavailability involves the activation of a latent form of this cytokine by removal from its latency-associated peptide. Although there are numerous mechanisms by which latent TGFB may be activated in vitro, including direct cleavage by plasmin, activation by the avb6 integrin has been shown to be important in models of a number of disease processes, including pulmonary and renal fibrosis (see ( Jenkins et al. 2006) ). It is not presently fully understood how the avb6 integrin activates latent TGFB but it is likely that the integrin needs to be activated itself, because tissue-specific overexpression of the b6 integrin subunit, in the absence of injury, does not lead to TGFB activation or tissue fibrosis (see ( Jenkins et al. 2006) ).
Insulin-like growth factor-binding protein 5 (IGFBP5) a novel player in fibrosis?
Increased expression of IGFBP5 has also recently been described in fibrosis. Increased expression of IGFBP3 and IGFBP5 is evident in two human fibrotic disorders, SSc and IPF (Feghali & Wright 1999 , Pilewski et al. 2005 . IGFBP5 mRNA and protein levels are also increased in vitro in primary fibroblasts cultured from disease-affected skin of patients with SSc, compared with the skin from their healthy twins. IGFBP5 has been shown to be able to induce collagen and fibronectin production from fibroblasts and to induce fibroblast/myofibroblast transdifferentiation in vitro and in vivo (Yasuoka et al. 2006a,b) . Overexpression of IGFBP3 and Figure 1 (1) Epithelial injury results in the release of factors that (2) activate fibroblasts resulting in the production of (3) collagen and fibronectin to plug the compromised epithelium. (4) Epithelial migration possibly involving EMT, repairs the epithelium leading to resolution. By contrast, (5) repeated micro-insults result in (6) persistent fibroblast activation and transdifferentiation into myofibroblasts and the (7) development of fibrotic foci.
IGFBP5 in primary human fibroblasts increased the expression of ECM components such as collagen and fibronectin (Pilewski et al. 2005) . Finally, in vivo overexpression of IGFBP5, using replication-deficient adenovirus, induced skin fibrosis in mice which included increased thickness of the dermis and increased collagen bundle thickness (Yasuoka et al. 2006a ) and pulmonary fibrosis (Yasuoka et al. 2006b ). The development of dermal fibrosis was accompanied by augmented synthesis of collagen and fibronectin and an increase in the number of dermal fibroblasts expressing PCNA. Increased expression of vimentin and a-SMA in dermal fibroblasts overexpressing IGFBP5 was also evident, suggesting that IGFBP5 induces the transition of fibroblasts into myofibroblastic cells. Taken together, these findings demonstrate that overexpression of IGFBP5 in skin induces activation of resident fibroblasts and their transformation into myofibroblasts, thus resulting in the fibrotic phenotype. These findings suggest that upregulated expression of IGFBP5 could be an initiating event in ECM production and the development of fibrosis. But what induces increased expression of IGFBP5?
IGFBP5 secretion increases during epithelial cell death
IGFBP5 expression increases dramatically in the involuting mammary gland and prostate when the secretory epithelium undergoes apoptosis (Guenette & Tenniswood 1994 , Flint et al. 2000 and, when expressed as a transgene in the mammary gland, IGFBP5 enhanced apoptotic events and impaired mammary development (Tonner et al. 2002) . By contrast, apoptosis in the mammary gland is impaired in an IGFBP5 knockout mouse (Ning et al. 2007) . IGFBP5 is also increased in the brain following ischaemia (O'Donnell et al. 2002) and in the cardiovascular system during atherosclerotic plaque formation (functions unknown) (Kim et al. 2007 ). These findings link processes evoked during epithelial injury/death with increased expression of IGFBP5. But which of the processes associated with fibrosis are initiated by IGFBP5 when it is upregulated?
The fibrotic response involves several key events: the initial injury to the epithelial barrier, EMT, epithelial senescence, fibroblast activation and a subsequent inflammatory response. Below we consider in greater detail, the evidence for a role of IGFBP5 in each of these aspects and also discuss possible signal transduction mechanisms involved in such actions of IGFBP5.
IGFBP5 and EMT
We have shown that IGFBP5 induces a phenotypic EMT in a human breast cancer cell line, MCF-7 (Fig. 2) , and activates tissue plasminogen activator (tPA; Sorrell et al. 2006) . The tPA plays a central role not only in fibrinolysis but also in activating several MMPs involved in cellular migration/invasion and in activating TGFB1. IGFBP5 has also been shown to interact with various molecules belonging to the matricellular 'family' of proteins (thrombospondins 1 and 2, osteopontin, SPARC and tenascin-C and -X). These proteins are widely expressed in the foetus, but their expression is decreased in the adult unless activation occurs during processes such as wound healing or metastasis, where they are implicated in cellular adhesion and migration. Thus far, IGFBP5 has been shown to bind to osteopontin, thrombospondin-1 (Nam et al. 2000) and tenascin-C (Clemmons et al. 1995) although the functional significance of these interactions is unclear. These findings provide persuasive evidence for a role of IGFBP5 in EMT and associated cellular migration processes.
IGFBP5 and senescence
Senescence is the complex process of deterioration that occurs over the lifetime of an organism, resulting in progressive functional decline and eventual death. Cellular senescence is a phenomenon related to cellular stress where cells lose the ability to proliferate. Normal somatic cells, when cultured in vitro, have a finite ability to divide after which they enter a state of irreversible proliferative arrest, termed replicative senescence (Hayflick & Moorhead 1961) . Irreversible growth arrest is also induced in primary cells by the expression of activated oncogenes such as Ras (Serrano et al. 1997) or Raf (Zhu et al. 1998) or by the activation of tumour suppressor genes (Tyner et al. 2002 , Jacobs & de Lange 2004 . Senescent cells display a characteristic enlarged, flattened morphology (Wagner et al. 2001) , express senescence-associated b-galactosidase (Dimri et al. 1995) , are resistant to proliferative stimuli (Park et al. 2000) and show altered gene expression (Smith & Pereira-Smith 1996) . Evidence implicating the tumour suppressors, p53, p16 and pRB, as the common major effectors of cellular senescence in normal somatic cells has been published (Beausejour et al. 2003 , Campisi 2005 . Recently, pulmonary fibrosis has been linked to cellular senescence (Garcia et al. 2007 ). IGFBP5 expression has been reported to be upregulated in human dermal fibroblasts (Yoon et al. 2004 ) and endothelial cells (Hampel et al. 2006 ) during replicative senescence, further implicating IGFBP5 in this aspect of the fibrotic response. Knockdown of IGFBP5 in aged human umbilical vein endothelial cells (HUVECs) partially reversed the process of senescence, while exogenous IGFBP5 or overexpression of IGFBP5 induced premature senescence in HUVECs in vitro. This IGFBP5-induced senescence was associated with the induction of the tumour suppressor p53 (Kim et al. 2007) .
In fact, the insulin/IGF signal transduction pathway is implicated in the ageing of many organisms, including nematodes and fruit flies, as well as mammals (Kenyon 2001 , Longo & Finch 2003 . For example, IGF-1 has been shown to extend the in vitro replicative lifespan of satellite cells by modulating cell cycle regulatory molecules (Chakravarthy et al. 2000) , whereas repression of insulin/IGF-1 signalling by the deletion of the growth hormone receptor (Shimokawa et al. 2002 (Shimokawa et al. , 2003 or IGF-1R (Holzenberger et al. 2003 , Holzenberger 2004 leads to an increased lifespan in vivo. The fact that IGFBPs can modulate the activity of IGF-1 adds further support to the idea that they play an important role in the ageing process.
IGFBP5 and fibroblast activation
As described earlier, there is increased an expression of IGFBP5 in fibrosis (Pilewski et al. 2005) , IGFBP5 can induce collagen and fibronectin production from fibroblasts and induce fibroblast/myofibroblast transdifferentiation in vitro and in vivo (Yasuoka et al. 2006a,b) . Overexpression of IGFBP5 in vitro and in vivo increases the expression of ECM components such as collagen and fibronectin and induces a fibrotic response (Pilewski et al. 2005 , Yasuoka et al. 2006a . Induction of increased expression of vimentin and a-SMA in dermal fibroblasts by IGFBP5 also indicates that IGFBP5 can stimulate transdifferentiation of fibroblasts into myofibroblasts.
In summary, there is evidence for a role of IGFBP5 in every aspect of the early responses present during the development of fibrosis: upregulation of IGFBP5 by epithelial injury, induction of EMT, induction of epithelial senescence and fibroblast activation. How IGFBP5 induces these effects at the cellular level is, however, still the subject of debate.
Mechanisms of action of IGFBP5
IGFBP5 is one of a family of six IGF-binding proteins, IGFBP1-6, that bind to IGFs with high affinity (see (Beattie et al. 2006) for review). IGFBPs are secreted by many cell types and have differential cell-and tissue-type-dependent expression patterns (Schneider et al. 2002) . Binding of IGFs to IGFBPs can restrict access to the IGF1 receptor, resulting in the inhibitory effects of the IGFBPs on cell proliferation, differentiation and survival. In addition to the IGF-dependent activity of IGFBPs, IGF-independent actions of IGFBPs have also been reported (see (Beattie et al. 2006) . Both of these potential mechanisms are discussed in greater detail below.
Direct effects
IGFBP5 has been shown to bind to an uncharacterized cell surface protein of w450 kDa in osteoblasts (Andress 1998). However, it remains to be determined whether this is a receptor, as to date this receptor has not been characterized and no IGFBP5-stimulated intracellular signalling pathways have been consistently identified, although a link with ERK activation has been described (Amaar et al. 2005) .
It also has been suggested that IGFBP5 encodes a potential nuclear localization sequence within its carboxy-terminus (Schedlich et al. 1998 ) and, after exogenous administration, IGFBP5 could be detected in the nucleus of human osteoblasts by immunocytochemistry . Genetic screens using the yeast 2-hybrid assay with IGFBP5 as 'bait', and a cDNA expression library from U2 osteosarcoma cells as 'prey', have led to the identification of several putative IGFBP5 interacting proteins that are primarily expressed intracellularly . Amaar et al. (2002) demonstrated that IGFBP5 interacts with four-and-a-half LIM protein-2 and hypothesized that this interaction facilitates transport into the nucleus where the complex then modulates the transcription of genes involved in osteoblast proliferation and/or differentiation. Whether nuclear accumulation of IGFBP5 occurs in vivo under physiological conditions remains unknown, and the biological consequences remain to be characterized. It should be noted that the physiological role for nuclear localization of IGFBP5 is still the subject of debate ( Jurgeit et al. 2007 ).
Indirect actions of IGFBP5
Influencing the actions of IGFs The most apparent indirect action of IGFBP5 is its binding to, and influencing the actions of, IGFs and this has been extensively documented (see (Beattie et al. 2006) . IGFBPs can also interact with biomolecules other than IGFs, including ECM glycosaminoglycans (Arai et al. 1994), ECM proteins (Jones et al. 1993) and hydroxyapatite in bone (Campbell & Andress 1997) . These interactions can decrease the affinity of the IGF-IGFBP interaction, thereby serving to enhance the actions of IGFs.
IGFBP3 and IGFBP5 also bind to the ECM, including type I collagen and fibronectin (Jones et al. 1993 , Liu et al. 2003 , Pilewski et al. 2005 . Moreover, secreted IGFBPs can be proteolytically cleaved and degraded by several proteases identified to date (Nam et al. 1994 , Firth & Baxter 1995 , Morales 1997 ) while IGFBP-binding partners such as fibronectin and other ECM components can protect IGFBPs from proteolytic degradation and thus prolong their bioavailability (Jones et al. 1993) . However, there is no compelling evidence that IGFs inhibit fibrosis (and that IGFBP5 might inhibit this effect of IGFs) with the possible exception of cirrhosis of the liver (see below).
Extracellular actions of IGFBP5
This leaves an intriguing possibility in which IGFBP5 acts indirectly, extracellularly, in a fashion analogous to that of CTGF, which also, coincidentally, serves as a downstream mediator of the actions of TGFB1 (Nguyen & Goldschmeding 2008) . CTGF is structurally related to IGFBP5 and interacts with a number of extracellular molecules as its main mechanism of action, rather than exerting a direct interaction with a cell surface receptor. There are considerable similarities between IGFBP5 and members of the secreted cysteine-rich protein family that includes CTGF, CYR61 and Nov (CCN). Somewhat ironically, the CCN molecules were temporarily renamed IGFBP8-10 because of their structural relationship with the IGFBP family. We believe that IGFBP5 may just as appropriately be considered a member of the CCN family. This family is unusual in that only Nov has an identified cell surface 'receptor', an integrin and, instead, these molecules are considered to exert their effects extracellularly by interaction with growth factors. For example, CTGF binds to VEGF (Inoki et al. 2002) and inhibits its actions and binds to, and enhances the actions of, TGFB1 (Abreu et al. 2002) . Finally, IGFBP5 has been shown to interact with various molecules belonging to the matricellular 'family' of proteins. These proteins are widely expressed in the foetus but their expression is low in the adult unless activation occurs due to processes such as wound healing or metastasis, where they are implicated in cellular adhesion and migration. Thus far, IGFBP5 has been shown to bind to osteopontin, thrombospondin-1 (Nam et al. 2000) and tenascin-C (Clemmons et al. 1995) although the functional significance of these interactions is unclear.
More specifically, in relation to the development of fibrosis, there is a plausible mechanism of action of IGFBP5, which involves a role in the activation of TGFB1 via the coagulation cascade and involving integrin activation, in a fashion analogous to that of Nov.
Procoagulant signalling hypothesis There is compelling evidence that uncontrolled activation of the coagulation cascade following tissue injury contributes to the development of fibrosis in various disease settings, including fibrotic lung disease (reviewed in (Chambers 2008) ). Present evidence suggests that the tissue factor-dependent extrinsic pathway is the predominant mechanism by which the coagulation cascade is locally activated in fibrotic lung disease. While, fibrin deposition might contribute to the pathophysiology of certain conditions, it has been shown that the cellular effects mediated via the activation of the high-affinity thrombin receptor, proteinase-activated receptor-1 (PAR-1), play a central role in influencing fibroproliferative responses following tissue injury. PAR-1 expression is highly elevated in the lungs of patients with IPF and scleroderma (Howell et al. 2001 , Bogatkevich et al. 2005 and PAR-1 knockout mice are protected from developing bleomycin-induced lung fibrosis, as well as inflammation (Howell et al. 2005) . Moreover, extensive in vitro studies have shown that activation of PAR-1 on numerous cell types may contribute to the development of fibrosis via the release and activation of potent pro-fibrotic mediators, including PDGF (Ohba et al. 1994) , CTGF (Chambers et al. 2000) and chemokine (C-C motif) ligand 2 (CCL2; Deng et al. 2008) . Of particular importance, a pivotal role for PAR-1 in the avb6 integrin-mediated activation of latent TGFB by the lung epithelium has recently been demonstrated in vitro and in vivo (Jenkins et al. 2006) .
A link between IGFBP5, TGFB and the PAR-1 system is supported by our observations that mice expressing IGFBP5 as a transgene have elevated tissue concentrations of plasmin and that IGFBP5 can activate tPA directly in cell-free systems generating increased amounts of plasmin (Sorrell et al. 2006) . This effect of IGFBP5 on tPA is particularly interesting in relation to the procoagulant theory since several studies have shown that PAR-1 can also be activated by plasmin (reviewed in ( Chambers 2008)). Thus, IGFBP5 could activate TGFB1 directly via plasmin activation or indirectly via the activation of PAR-1 and avb6 integrin. Such studies are worthy of investigation.
Cirrhosis of the liver: a possible role for IGFBP5 as an inhibitor of IGF-1?
The liver is particularly susceptible to fibrosis, because it is exposed to a wide range of toxic insults. In addition, the liver is unusual in that hepatocytes produce large quantities of IGF-1 (they are the main source of IGF-1 in the circulation) but, unlike other epithelial cells, hepatocytes do not respond to IGF-1 because they possess few IGF-receptors (Sanz et al. 2005) . Instead, hepatocyte-derived IGF-1 has been proposed to retain mesenchymal, stellate cells in a quiescent state, where they produce hepatocyte growth factor (HGF), an important survival factor for hepatocytes (Sanz et al. 2005) , as part of the process of epithelial-mesenchymal crosstalk. For example, IGF-1 has recently been shown to inhibit collagen and TGFB1 production by stellate cells, while stimulating their synthesis of HGF (Kim et al. 2005 , Lin et al. 2005 . Overexpression of IGF-1 has also been shown to inhibit fibrosis and aid recovery from hepatic damage. Conversely, when hepatocytes are damaged in cirrhotic liver, circulating concentrations of IGF-1 decline providing a 'pro-fibrotic environment'. Thus, IGF-1 may play a dual role by suppressing the activation and conversion of stellate cells to myofibroblasts and simultaneously enhancing the epithelial repair processes via HGF production. Clearly, IGFBP production in this system could also modulate the effects of IGF-1 in an IGF-dependent fashion (Fig. 3) .
Fibrosis is also a component of cardiovascular disease
Although a classic group of fibrotic diseases, including IPF, cirrhosis of the liver and renal fibrosis, are recognized for the major part fibrosis plays, it is now becoming apparent that the fibrotic response is also a significant component of other major diseases including, in particular, cardiovascular disease.
Adventitial fibroblasts and cardiovascular disease
While a central role for fibroblasts in diseases such as SSc and IPF is well accepted, it is now also becoming apparent that fibroblasts located in the adventitia, or outer coat of blood vessels, may play a similar role in driving hyperplasia in the intima, or inner coat of the vessel, in cardiovascular injury. Traditionally, vascular inflammation is considered to be an 'inside-out' response centred on the monocyte adhesion and lipid oxidation hypotheses. These mechanisms propose that the inflammatory response is initiated at the luminal surface. However, increasingly, evidence supports a new 'outside-in' hypothesis, in which inflammation is initiated in the adventitia and subsequently progresses inwards to the intima (Pagano & Gutterman 2007) . The outside-in hypothesis is supported by the fact that the adventitia is not simply a fibroblast layer but includes monocytes, macrophages and lymphocytes. Furthermore, there is a phenotypic switch of adventitial fibroblasts into migratory myofibroblasts, and increased angiogenesis of the vasa vasorum (the nutrient blood vessels that supply the walls of large arteries or veins). The adventitia has a localized humoral immune response in which B cells and T cells react to local antigen presentation by foam cells and antigen-presenting cells. This results in increased local expression of cytokines and an inflammatory response that progresses inwards towards the intima.
Signalling events after balloon angioplasty
Vessel injury is a common result of balloon angioplasty. The outside-in hypothesis is also supported by the observation that, after vessel injury, but before neointimal development occurs, the adventitia and perivascular tissue recruit neutrophils, macrophages and apoptotic cells (Scott et al. 1996 , Best et al. 1999 , which express numerous inflammatory molecules. For example, CCL2, a potent leukocyte chemoattractant, is highly expressed in myofibroblasts at the site of injury in the adventitia ( Jabs et al. 2007) . CCL2 is known to induce macrophage recruitment and activation. Furthermore, the cytokine CXCL2 is transiently upregulated in the adventitia at earlier time points than in the neointima, adding support to the idea of the inflammatory response arising in the adventitia and progressing towards the intima. Finally, as early as 2 h after injury from balloon angioplasty, neutrophils accumulate in the adventitia and perivascular tissues (Okamoto et al. 2001) .
Hypertension
In models of hypertension, it has been shown that macrophage infiltration into the adventitia of large arteries occurs in parallel with the development of hypertrophy of the vascular wall (Capers et al. 1997 , Carnell et al. 2007 . This occurs in the absence of significant recruitment of macrophages into the media or intima. It has thus been proposed that mechanical strain imparted on the arterial wall as a result of an increase in blood pressure may be an important hypertensive signal. Application of mechanical strain to cultured vascular smooth muscle cells results in an increase in CCL2 expression (Guest et al. 2006) . Furthermore, in mice deficient in the CCL2 receptor, hypertension-induced adventitial macrophage infiltration of the arterial wall, and subsequent vascular hypertrophy, was significantly reduced (Maiellaro & Taylor 2007) . These data suggest that there is physiologically relevant linkage between hypertension and macrophage infiltration of the adventitia and that macrophage infiltration of the adventitia is a necessary prerequisite for vascular hypertrophy.
These studies provide compelling evidence for a reconsideration of the initial processes activated during cardiovascular damage and suggest that the mechanisms involved may share considerable similarities with the classic fibrotic diseases.
Is the role of IGFBP5 in fibrosis linked to its role in embryogenesis?
Although the stimulation of fibroblast activity by IGFBP5 may be unexpected, there is in fact considerable indirect evidence consistent with a role for IGFBP5 in this process in the embryo. Each of the human IGFBP genes is localized to the same chromosomal regions as a specific homeobox (HOX) gene family member (Allander et al. 1997) and HOX genes are well known for their important functions during embryonic development (Krumlauf 1994 ). IGFBP2 and -5 are linked to the HOXD1 gene family on human chromosome 2 in opposite transcriptional orientations (Allan et al. 2001) . The most likely mechanism to explain this linkage is that IGFBP and HOX genes have co-evolved from a single ancestral genetic locus to multiple loci, via the process of chromosomal duplication and translocation. We propose that this linkage is also a functional one since our studies have revealed that IGFBP5 is highly expressed in the apical ectodermal ridge (AER) of the developing mouse embryo (Allan et al. 2001) . The AER is a region of specialized pseudostratified epithelium covering the distal edge of the developing limb bud, and the underlying undifferentiated mesenchymal cell population, known as the progress zone. The AER is essential for outgrowth of the limb during development, when the mesodermal cells in the progress zone divide more rapidly. Furthermore, we also showed that IGFBP5 is expressed in the interdigital zone of the developing embryo at sites where programmed cell death occurs and that its expression is altered in the hypodactyly mouse, where digit formation is abnormal (Allan et al. 2000) . More recently, a transgenic mouse expressing IGFBP5 in numerous tissues has exhibited major abnormalities and a high incidence of perinatal mortality, adding further evidence for its importance in prenatal development (Salih et al. 2004) . Targeted overexpression of IGFBP5 to bone and hair shaft medulla demonstrates its role in both of these processes (Mukherjee & Rotwein 2007 , Park et al. 2007 ). In addition, IGFBP5 plays an important role in myoblast differentiation (Mukherjee et al. 2008) . Based on these reports and our present findings, we speculate that IGFBP5 plays an important role in the development and/or differentiation of mesenchymal tissue and/or cells. This would make its role in fibrosis in the adult highly plausible.
Conclusions
Fibrosis represents an insidious group of diseases of unknown aetiology making therapies based upon avoidance of the injurious agent impossible at the present time. Thus, the downstream responses involved in the fibrotic cascade itself appear more likely to yield therapeutic targets/strategies. Thus far, anti-inflammatory approaches have failed to provide benefits and so interest has focussed upon TGFB1 as a major inducer of the fibrotic process. Neutralization of TGFB1 actions is a central theme for the inhibition of a number of tissue repair processes including, in particular, scar formation. IGFBP5 may, by analogy, be a target for this strategy. If the process of senescence is central to disease progression, then 'anti-ageing'strategies may be appropriate. There are likely to be many different diseases in which replicative ageing due to excess telomere shortening contributes to tissue-specific or cell-specific disease. For these pathologic processes, rejuvenating cells by increasing telomere lengths may be beneficial. The ability to express telomerase, producing cells with long telomeres and an extended lifespan, has already been achieved. Several reports have suggested that small molecule activators of telomerase can extend the lifespan of lymphocytes, and such molecules might also work with haematopoietic stem cells (Effros 2007) . Treatment of pulmonary fibrosis may present an especially difficult clinical challenge because fibrosis of the lung parenchyma is generally considered an end-stage manifestation of an irreversible pathologic process. For this reason, effective treatment of pulmonary fibrosis due to telomerase insufficiency may require early recognition of preclinical disease, modification of environmental exposures and strategies for early intervention with telomerase activation. Biomarkers of the disease state are clearly one way of identifying the preclinical state and studies to evaluate the utility of some of the principal molecules involved in the fibrotic response may prove to be of value in this respect.
Although a wide range of molecules are involved in the twoway communication between the ectoderm and mesoderm (subsequently between epithelium and mesenchyme), evidence for a specific, central role for IGFBP5, when homeostatic mechanisms are perturbed by injury such as physical trauma, infection or cellular stress, is increasingly compelling. IGFBP5 is produced by epithelial cells as part of a suicide pathway at the end of the functional life of the mammary epithelium, and it is secreted and therefore capable of activating fibroblasts involved in tissue reparation. It activates a major protease, tPA, generating plasmin which is involved both in the MMP cascade resulting in cellular migration and in the activation of TGFB1. IGFBP5 also interacts with several matricellular proteins that are activated during the response to injury. It remains to be seen whether IGFBP5 is produced under a wide variety of cellular insults, but its association with atherosclerotic plaques (Kim et al. 2007) links it with oxidative stress, and its activation in hypoxia of the brain (O'Donnell et al. 2002) suggests that it may well be a central player in a primitive response to epithelial injury, which may have developed out of its embryonic role as a molecule involved in the epithelial instruction of the underlying mesoderm. Its role in the process of senescence and the evidence for a role of the IGF-axis in longevity means that IGFBP5 has been implicated in every step of the fibrotic response, making it worthy of serious consideration as a therapeutic target for the treatment of fibrotic diseases.
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